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Abstract 
A simple and sensitive reversed-phase high performance liquid chromatography (Rp -HPLC) was developed for 
separation and determination of polyamines (Spermidine and Spermine). Derivatization of polyamines was 
improved by dissolving benzoyl chloride in methanol to increase the detection of UV-Visible detector at λ max. 
254  nm. The benzoylated polyamines eluted by Rp- HPLC using methanol : water (52 : 48) as mobile phase. 
The detection limited of this method is (50ng/ml) .The separation was performed on BDS-DB (250 x 4.6 mm 
I.D) column at flow rate 1 ml/ min. using standard solutions. The retention time of two compounds (Spermidine 
and Spermine) were (7.7 , 8.5 min.) respectively, this method suggested that monitoring the Spermidine and 
Spermine compounds could play an important role in diagnosis of different types of carcinoma and fallow up 
chemo and radiotherapy treatments. 
  
3. Introduction 
The polyamines(putrescine, cadaverine, spermidine, and Spermine) which show in (Figure 1) are simple 
aliphatic primary amines that are fully protonated under physiological conditions and are essential constituents 
of eukaryotic and prokaryotic cells [1,2] . 
 
 
 
Figure 1. Chemical structures and abbreviations of the polyamines [1]  
 
They have been implicated in a variety of cell functions involving cell growth and differentiation and receptor 
function [3]. They also impact DNA replication, gene expression, protein synthesis, stabilization of lipids, brain 
development, nerve growth and regeneration. Over production or over intake of these polyamines is toxic to the 
cells and facilitates cell death by oxidative mechanism [4] or may cause headaches, nausea, hypo- or 
hypertension, and cardiac palpitations [5]. These compounds have also been proposed as possible  tumor markers 
[6, 7, 8, and 9]. Polyamine molecules show neither UV absorption nor fluorescence properties  [10 - 13]. Many 
techniques have been developed to determine polyamines, such as thin layer chromatography [14], enzymatic 
assay [15], high-performance liquid chromatography (HPLC) with derivatization methods in order to increase 
the sensitivity of the method when using UV or fluorescence detection forming chromophores withbenzoyl 
chloride [16,17], dabsyl chloride, [18] and forming fluorophores with dansylchloride [19], fluorescamine [20], 
and o-phthaldialdehyde(OPA) [21,22], liquid chromatography–electrospray ionization tandem mass 
spectrometry (LC–ESI–MS/MS) [23] or high-performance liquid chromatography with quadrupole time-of-flight 
mass spectrometry (HPLC / Q-TOFMS) methods [24] .The HPLC methods have been used widely due to their 
high sensitivity and reproducibility, as well as ease of automation , whereas our target is to develop the method  
as a simple, rapid, sensitive, accuret and precise porcedure for separation  and quantitation  of polyamines using 
Rp-HPLC technique . 
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4. Materials and Method 
 
4.1. Chemicals: 
Spermidine and Spermine tetrachloride were purchased from Sigma Chimica (USA), Benzoyl chloride, sodium 
hydroxide and sodium chloride were obtained from BDH (Chemicals Ltd. Pool. England) , acetonitril and 
methanol HPLC grade from Flukca (Chime , AG ), BDS-C18-DB (250x4.6 mm I.D ) column prepacked with 
5µm particle size obtained from Supelco-chem ( UK,Lid. ,Shine , Hill , England). 
 
4.2. HPLC Instrumentation: 
The chromatographic system was composed of two solvents reservoirs (500ml) fitted with (0.22Um) stainless 
still  filter at the end of polytriflouroethylene (PTEE) tubes, transferred the mobile phase from reservoir to the 
pumps, Two groups of pumps model-Lc-6A Shemadizu which delivered the mobile-phase  A and B  from 
solvent reservoirs to the mixing cell to create the gradient system program already controlled by SI-6A system 
controller , the system also involved an injector with 20Ul sample loop model (Rcheadyne-7125) , BDS-C18- DB 
column (250x4.6 mm I.D), UV-visible detector model SPD- chromatopace Shimadizu model R4A and system 
controller units ( model 6A) Shimadizu. 
 
4.3. Standard solutions:  
Spermidine and Spermine (5mg) of each was dissolved in (100ml) of freshly deionized-distilled water, the 
solutions were filtered through 0.22 µm Millipore filter, degassed and stored at (--20oC) for further uses . The 
standard solutions were prepared freshly every two weeks. 
   
4.4. Derivatization: 
Standard solution (1 ml) of polyamines in water were added to (2 ml) of 2% of benzoyl chloride in methanol, (1 
ml) of 2N sodium hydroxidewas added and mixed for half minute, then incubated at 37oC for 20 minute. The 
reaction was stopped by adding of (4ml) of saturated sodium chloride. 3 ml of diethyl ether was added, the 
solution was vortex for two minutes, then centrifuged at 2500 rpm for 15 minute to separate the organic layer 
which is containing the benzoylated polyamines. Evaporate to dryness by flow of nitrogen gas, the residue was 
washed with diethyl ether and evaporated to dryness, to remove any traces of water. Benzoylated polyamines 
were dissolved in 500Ul of 52% methanol and vortexes for 15 minutes to completely dissolved, this solution was 
filtered through 0.45 µm Millipore filter to remove any particles. Benzoylated  polyamines  stored for three 
weeks at (--20oC). 
 
2.5.Optimization studies: 
The optimal separation of polyamines (Spermidine and Spermine) was derived by studying the influence of 
percentage of modifier, column temperature and flow rate of mobile-phase. Methanol was used as modifier 
which was mixed at different percentages of water and the flow rate of mobile-phase were tested with other 
variable to select the best retention time of each component of polyamines under study at various column 
temperatures. 
 
3.6. HPLC optimal condition:  
For separation and quantitation  of two components of polyamines were performed by using HPLC technique on 
BDS-C18- DB column. The following condition was used on standard solutions: The mobile-phase is 52% 
methanol: water, flow rate 1 ml/ min., column temperature 35 oC and UV-visible detection at 254 nm. The 
typical chromatogram of standard solutions of the two components of polyamines is shown in (Figure 2). 
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Figure 2. Typical Chromatograme of Spermidine and Spermine using BDS-C18- DB column on HPLC system. 
3.7. Linearity: 
Linearity was assessed for Spermidine and Spermine using Suplco BDS-C18- DB column on  standard solution. 
Which were submitted to entire excretion procedure at different concentrations of two components in the range 
of 50 to 1000 ng/ml under optimum conditions (Figure 3). 
   
4. Results and discussion 
 
The availability of sensitive and accurate analysis for the simultaneous of polyamines is important to detect the 
fluctuation of the concentration levels of these compounds related to regulation of cell proliferation and 
differentiation. The procedure for benzoyl chloride derivation is quick, stable and permit detection of moderate 
concentration of polyamines. Benzoyl chloride is decomposed by water to benzoic acid and the excess of this 
compound was reacted with other molecules to form benzoic anhydride which is an contaminated compound 
which is extracted by diethyl ether because benzoic acid is instable in organic phase . To reduce the amount of 
benzoic anhydride, the diethyl ether was washed with diluted sodium hydroxide to enhance the transformation of 
benzoic anhydride to benzoic acid. The absorbance was measured at 254 nm and this detection proved to be 
advantages because the absorbance of benzoic acid and benzoic anhydride is much lower than Spermidine and 
Spermine. 
The results of the influence of methanol as modifier used in different percentages and mixed with water are 
presented in (Table 1). 
 
Table 1: Influence of different percentage of modifier on retention time of Spermidine and Spermine using BDS-
DB column, flow rate (1ml/min.), column tem.(35oC) and UV-visible at 254 nm. 
                        
Compounds   
 
Retention time in different percentage of methanol (min)  
100%     90% 80% 70% 65%            52% 45% 
Spermidine 5.1 5.4 6.0 6.1 6.3 6.7 6.9 
Spermine 5.5 6.0  6.8 7.3 8.0 8.5 8.8 
 
The results indicate that the retention times of two components were decreased when the percentage of methanol 
was raised from 52% to100%.The eluents which are used in Rp-HPLC are generally polar solvents or mixture of 
polar solvents   such as methanol: water. The best resolution and highly symmetrical peaks were obtained when 
the percentage of methanol was 52%.The results in (Table 2) show the influence of column temperature on 
retention time of Spermidine and Spermine. The data was indicated that the retention time decrease when the 
column temperature is raised from 30 0C to 50oC. These results indicate that the optimal separation conditions of 
two components of polyamines mixture solution could be achieved at 35oC. At this temperature a good 
resolution of two peaks could be obtained. The results also indicate that the retention time of two components 
were considerably affect by column temperature. 
 
Table 2 : Influence of column temperature on retention time of Spermidine and Spermine using  
BDS-DB column, flow Rate   (1ml/min.), mobile-phase (52% methanol: water) 
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and UV-visible  detector at 254 nm . 
 
Compounds 
 
Retention time (min.) in different temperature (0C) 
30 35 40 45 
Spermidine 6.9 6.7 6.2 6.0 
Spermine 8.8 8.5 8.1 7.3 
  
The results in (Figure 3) show a linear concentration response for Spermidine and Spermine, the correlation 
coefficient was 0.99 as shown in equation obtained from plot of each component. Better results were obtained 
using concentrations between 50 ng/ml to 1000 ng/ml of two components of polyamines. 
 
 
Figure 3. Linearity of different concentrations of Spermidine and Spermine using. 
 HPLC technique at optimal condition. 
 
 (Table 3) shows a significant increasing in retention time with decrease of mobile-phase flow rate. Results also 
indicate best separation was obtained when the flow rate was 1ml/ min. 
 
Table 3 : Influence of flow rate of eluent on retention time of Spermidine and Spermine Using BDS-DB column, 
Mobile–phase (52% methanol: water), Column temperature (35oC)and UV-visible detector at 254nm. 
 
 
 
 
 
 
Many substances 
could be separated by 
HPLC at flow rate ranging from 0.3 to 0.5 ml/min.  Many column available carry manufacture suggestion to use 
a flow rate around 1ml/ min. to avoid excessive pressure , however , a lower flow rate shows less dilution and 
better resolution. Finally it is recommended the use of the following optimal conditions for the best separation 
results of the two components of polyamines (Spermidine and Spermine) with BDS-C18- DB column (250X4.6 
mm I.D), 52% methanol: water, column temperature (35oC), flow rate 1ml / min. and UV-visible detection at 
254 nm.   
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Compounds 
Retention time in different flow rate of eluent (1ml/min.) 
0.6 0.8 1.0 1.2 
Spermidine 7.9 7.2 6.7 6.0 
Spermine 9.0 8.5 8.5 7.5 
Chemistry and Materials Research                                                                                                                                                    www.iiste.org 
ISSN 2224- 3224 (Print) ISSN 2225- 0956 (Online) 
Vol.7 No.1, 2015 
 
51 
References 
[1] Morgan, D. M. L. 1998. Polyamine Protocols. Totowa, N.J.: Humana Press. 
[2] Khuhawar, M. Y., and G. A. Qureshi. 2001. Polyamines as cancer markers: Applicable 
separation methods. J. Chromatogra. B. 764: 385–407. 
[3] Baron, K., and C. Stasolla. 2008. The role of polyamines during in vivo and in vitro development. In Vitro 
Cell Dev-Pl. 44: 384–395. 
[4] Hoet, P. H. M., and B. Nemery. 2000. Polyamines in the lung: Polyamine uptake and 
polyamine-linked pathological or toxicological conditions. Am. J. Lung Cell. Mol. Physiol. 278: L417–L433. 
[5] Teti, D., M. Visalli, and H. McNair. 2002. Analysis of polyamines as markers of (patho) 
physiological conditions. J. Chromatogra. B 781: 107–149. 
[6] Ma, Y., G. Liu, M. Du, and I. Stayton. 2004. Recent developments in the determination of 
urinary cancer biomarkers by capillary electrophoresis. Electrophoresis 25: 1473–1484. 
[7] Gerner, E. W., and F. L. Meyskens. 2004. Polyamines and cancer: Old molecules, new understanding. Nat. 
Rev. Cancer. 4: 781–792. 
[8] Criss, W. E. 2003. A review of polyamines and cancer. Turk. J. Med. Sci. 33: 195–205. 
[9] [Wallace, H. M., and C. Robert. 2001. Polyamines and colon cancer. Eur. J. Gastroen. Hepat. 13: 1033–1039. 
[10]Ha¨kkinen, M. R., T. A. Keina¨nen, J. Vepsa¨la¨inen, A. R. Khomutov, L. Alhonen, J. Ja¨nne, and S. 
Auriola. 2007. Analysis of underivatized polyamines by reversed phase liquid chromatography with electrospray 
tandem mass spectrometry. J. Pharm. Biomed. Anal. 45: 625–634. 
[11]Yang, M., and S. A. Tomellini. 1999. Indirect fluorescence detection of aliphatic biogenic 
polyamines and diamines following chromatographic separation. J. Chromatogra. A. 841: 9–18. 
[12]Draisci, R., L. Giannetti, P. Boria, L. Lucentini, L. Palleschi, and S. Cavalli. 1998. Improved ion 
chromatography–integrated pulsed amperometric detection method for the evaluation of biogenic amines in food 
of vegetable or animal origin and in fermented foods. 
J. Chromatogr. A 798: 109–116. 
[13]Zhou, G., Q. Yu, Y. Ma, J. Xue, Y. Zhang, and B. Lin. 1995. Determination of polyamines in serum by 
high-performance capillary zone electrophoresis with indirect ultraviolet detection. J. Chromatogra. A 717: 345–
34. 
[14] Seiler N. 1971 Identification and quantitation of amines by thin-layer chromatography. J Chromatogr 
63:97–112. 
[15] Isobe K, Yamada H, Soejima Y, Otsuji S. 1987. A rapid enzymatic assay for total blood polyamines. Clin 
Biochem 20:157–161. 
[16]Schenkel E, Berlaimont V, Dubois J et al 1995.  Improved high performance liquid chromatographic method 
for the determination of polyamines as their benzoylated derivatives: application to P388 cancer cells. J 
Chromatogr B 668:189–197 
[17] Rajat Sethi,, Sai Raghuveer Chava, Sajid Bashir, Mauro E. Castro .2011,An Improved High Performance 
Liquid Chromatographic Method for Identification and Quantization of Polyamines as Benzoylated Derivatives.  
American Journal of Analytical Chemistry, 2, 456-469.  
[18] Koski P, Helander IM, Sarvas M, Vaara M. 1987, Analysis of polyamines as their dabsyl derivatives by 
reversed-phase high-performance liquid chromatography. Anal Biochem. Jul; 164 (1): 261-6.  
[19] Ducros V, Ruffieux D, Belva-Besnet H, de Fraipont F, Berger F, Favier A. 2009 , Determination of 
dansylated polyamines in red blood cells by liquid chromatography- tandem mass spectrometry. Anal Biochem. 
390 (1) :46-51.  
[20] Hunter KJ, Fairlamb AH. 1998 ,The determination of polyamines and amino acids by a fluorescamine - 
HPLC method. Methods Mol Biol.; 79: 125-30 
[21]Campı´ns-Falco´ P, Molins-Legua C, Sevillano-Cabeza A et al 2001, o-Phthalaldelhyde-N-acetylcysteine 
polyamine derivatives: formation and stability in solution and in C18 supports. J Chromatogr B 759:285–297. 
[22]Marton LJ, Lee PL. 1975, More sensitive automated detection of polyamines in physiological fluids and 
tissue extracts with ophthalaldehyde. Clin Chem 21:1721–1724 
[23]Sa´nchez-Lo´pez J, Caman˜es G, Flors V et al 2009  ,Underivatized polyamine analysis in plant samples by 
ion pair LC coupled with electrospray tandem mass spectrometry. Plant Physiol Biochem 47:592–598. 
[24]Liu R, Bi K, Jia Y et al2012 , Determination of polyamines in human plasma by high-performance liquid 
chromatography coupled  with Q-TOF mass spectrometry. J Mass Spectrom 47:1341–1346. 
 
 
The IISTE is a pioneer in the Open-Access hosting service and academic event management.  
The aim of the firm is Accelerating Global Knowledge Sharing. 
 
More information about the firm can be found on the homepage:  
http://www.iiste.org 
 
CALL FOR JOURNAL PAPERS 
There are more than 30 peer-reviewed academic journals hosted under the hosting platform.   
Prospective authors of journals can find the submission instruction on the following 
page: http://www.iiste.org/journals/  All the journals articles are available online to the 
readers all over the world without financial, legal, or technical barriers other than those 
inseparable from gaining access to the internet itself.  Paper version of the journals is also 
available upon request of readers and authors.  
 
MORE RESOURCES 
Book publication information: http://www.iiste.org/book/ 
Academic conference: http://www.iiste.org/conference/upcoming-conferences-call-for-paper/  
 
IISTE Knowledge Sharing Partners 
EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalTOCS, PKP Open 
Archives Harvester, Bielefeld Academic Search Engine, Elektronische Zeitschriftenbibliothek 
EZB, Open J-Gate, OCLC WorldCat, Universe Digtial Library , NewJour, Google Scholar 
 
 
